For the (2 + 1)-dimensional Broer-Kaup system, we study the corresponding Lie symmetry groups, and obtain the symmetry group theorem and the Backlund transformation formula of solutions finding. At the same time, we find some new exact solutions of the (2 + 1)-dimensional Broer-Kaup system and extend the results in the papers [1][2] [3] [4] .
Introduction
Many non-linear phenomena, such as the non-linear waves in fluid mechanics, the laser phenomenon in non-linear optics and the non-linear behaviors in the field of plasma, can be described by the non-linear partial differential equations (systems). Therefore quite naturally, solving these non-linear partial differential equations (systems) and articulating the characteristics of the solutions become an important topic of investigation for a large number of mathematicians and physicists. In paper [5] , by use of symmetry constraint in the reduction of the Kadomtsev-Petviashvili equation we obtain the following (2 + 1)-dimensional Broer-Kaup (BK) system: 
Thence studies by a number of scholars appeared, investigating this system. Paper [6] discusses the system's Painleve characteristic and that it possesses infinite symmetrical problems of arbitrary time variable t and space variable y, and reaffirms that system (1) is an integrable system. Paper [1] uses the extended homogeneous balance method and separation of variables to discuss the localized coherent structure of system (1). Paper [2] by using the Lie-group optimized system classifies the solutions of system (1) and furthermore finds some new explicit solutions. Through the application of the extended homogeneous balance method, papers [3, 4] obtain some exact solutions to system (1) and explore the system's induced phenomenon. Paper [3, 7] in particular discusses the application of advanced BK equations in extensive fields of studies such as non-linear optical fiber communication and fluid mechanics.
Lie-group method is a powerful tool in the investigation of non-linear partial differential equations (systems) [8] . Using classical or non-classical Lie-symmetry method we are able to obtain a large number of solutions to the non-linear evolution equations (systems) (see papers [9] [10] [11] [12] ). Especially put forward are the direct reduction method in paper [9] and the more recent direct method in papers [11, 12] , which provide a simple and direct method to investigate the non-Lie symmetry groups of non-linear evolution equations. In this paper, we are going to use the direct reduction method to discuss the Lie point symmetry group and non-Lie symmetry group of the (2 + 1)-dimensional integrable BK system (1). In doing that we obtain the system's corresponding symmetry group theorem and the Backlund transformation formula of solutions finding, through which we are able to obtain some new exact solutions to the BK system. We therefore extend the results in paper [1-4].
Lie Point Symmetry Group
In order to simplify the calculation, we make the transformation  , substituting it into system (1) we obtain:
As a result, we transform the discussion of BK system (1) into the investigation of Equation (2). Suppose Equation (2) has the following form of solution:
of its independent variables is required to satisfy similar Equation (2), that is, to satisfy the following equation:
Now the prime task is to determine the undetermined functions in Equation (3) . Substitute Equations (3) and (4) into Equation (2), and in the meanwhile let the coefficients of the partial derivatives in
be zero. We are able to obtain the following system:
Solve the above over-determined equations we obtain the following results:
where and ,
are arbitrary smooth functions.
From above we can sum up and arrive at the main conclusion of this paper, that is:
is also a solution to Equation (1), in which  and
are arbitrary smooth functions determined by Equations (5) and (6) .
From the derived theorem we know that the symmetry group of Equation (2) (5) and (6):
are arbitrary functions. Therefore from Equation (7) we can obtain:
is the symmetry of Equation (2), its corresponding group generator (vector field) is:
From calculation we know at the generator (8) of the Lie point symmetry group is the same as the result obtained from standard Lie group method, here we are not going to discuss in details. However, what needs to be pointed out is that the corresponding transformation group de of finding solutions (7) for system (1). th termined by Equation (7) has become non-Lie point symmetry group.
Exact Solutions to the Broer-Kaup System
We can see from the established symmetry group theorem that we have already obtained the Backlund transformation formula By taking some known solutions from the Broer-Kaupequation as seed solutions, we are able to find numerous new exact solutions to the BK system by use of Equation (7) . The form of such solutions is as following:
U    is the equation's solution of arbitrary form.
Next we are going to demonstrate the applic formula. Take the solution of the following form from paper [4] : 
